For mixed-initiative multimedia annotation systems an effective dialogue between the system and user is critical. In order to inform the development of such dialogue a clear insight into the impact of interruptions upon the perceptions of the user is required. We present preliminary results of an investigation into interruptions in the form of queries to the user. We show that a user can perceive differences between trivial and important queries. Whether a query is shown in or out of context, or at some opportune time, is also shown to have an impact on user perception of the system.
INTRODUCTION
Annotation of multimedia content is a time consuming process which typically involves an annotator watching a video closely to find all important and interesting events that best describe the content. This has prompted research into technology to facilitate the annotation process which can be divided into three different areas: those that focus on systems where the user drives the process [8, 17] , those where the system is driving the process [3] and mixed-initiative (the focus of this paper) where the system and user work collaboratively to annotate a video [4, 7, 9, 13, 14] .
In mixed-initiative annotation the system attempts to detect certain elements of the video whilst the user annotates everything else that they believe to be relevant and important. This includes aspects such as people, objects, events, emotions and in more advanced systems the ability to reason over ontologies. During this process the system will inevitably generate some ambiguities that will need to be resolved and so a suitable dialogue with the user is required. The system Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. must reason over the ambiguities and how they will impact on the annotation of the system and present a suitable set of questions to the user at an appropriate time. This must be done in an efficient manner to ensure that annotation is improved and interaction enhanced. This type of interaction raises a number of important research questions. For instance, what is the optimal approach for interrupting users in an annotation task? What types of questions should users be asked? How does the importance/urgency of a question influence how and when it is asked? This paper describes preliminary results from an investigation into these questions. The results will inform the development of reasoning and dialogue within mixed-initiative annotations systems. An overview of related work is presented. The experimental design is then outlined along with details of the results found. Discussion of the results is then provided along with suggestions for future research.
BACKGROUND
Mixed-initiative annotation systems often work by automatically filtering and categorising segments of video based on content and allowing the user to annotate these segments [6, 9] . Limited evaluations have been conducted on the benefits of mixed-initiative approaches. The majority of research has focused on the effectiveness of the algorithms that enable autonomous annotation rather than on the user interaction experience. This makes it unclear whether a mixed-initiative approach to multimedia annotation actually enhances the interaction. It is clear that more research needs to focus on how users respond to multimedia annotation systems to gain a clearer understanding of how effective these systems are.
The impact of interruptions in human-computer interaction has received much attention from researchers. Results have found that interrupting users from their primary task can result in a negative impact on their performance [10, 15] and cause frustration [1, 12, 18] . Other studies have found that interruptions can also have a detrimental impact on the time taken to complete a task [5, 11] , decision making ability [16] , a user's emotional state [1, 18] and increase user error during a task [10] . Researchers have investigated interrupting users at "opportune" moments in order to reduced negative impact. This may include times of lower mental workload or inherent breakpoints [1, 2] .
In systems where the user and system perform collaborative annotation asynchronously [4] , there is scope for the system Figure 1 . Screenshot of the experimental prototype to display questions:
• as soon as generated by the system. They may be presented out of context to the user's current task.
• when they are in context to the user's current task.
• at an opportune moment during the interaction.
The system and user will require a dialogue that helps the system understand what is in the video and what is important to annotate. It is therefore important to understand how and when it is acceptable for the system to interrupt the user without creating strong negative responses. The system must determine whether the potential benefit of an interruption is greater than its cost.
Another factor is the content of the questions. Due to the complex nature of the processing task, it is possible that the system may generate what appears to the user as trivial questions that have little relevance to the core concepts of the video. How do users respond to these types of questions? Do questions, perceived by the user to be trivial, lower user perceptions of the system and interaction? Is it better to present perceived important questions at certain times (during annotation) and trivial queries at other times (end of a session)?
Examining the effects of interruptions, within the context of a multimedia annotation task, has not been widely examined.
Neither has the interaction between the content of the interruption and the time at which it has been presented. This work will contribute to the discussion of the role of interruptions in a multimedia annotation task and the wider implications of interruptions in human-computer interactions.
EXPERIMENT
An experimental prototype was developed to examine the effects of interruptions during an annotation task ( fig. 1 ). The experiment was designed so that subjects could take part via a Web browser. The prototype was developed using Adobe Flash and provides a simple interface to users. On the left is an area where the system's questions are presented to users. Whenever a question is displayed, the video would pause, creating a clear interruption, and the user would be given the chance to provide an answer. Once the user had answered the question the video would continue playing. On the right side of the interface is a video player that includes some standard playback functions. For this experiment all questions presented to users are hard-coded and relate directly to the content of the video.
The experiment comprised of 6 test cases utilising two conditions related to the content of the questions (IMPORTANT and TRIVIAL) and three conditions related to the time at which questions were presented to users (IN-CONTEXT, OUT-CONTEXT, OPPORTUNE). Questions displayed in the IMPORTANT conditions were intended to be questions that users could easily perceive to be valuable during the annotation process, whilst questions presented in the TRIVIAL conditions were intended to be questions that would appear to add little value to the overall annotation quality. Questions in the IN-CONTEXT conditions were presented at the relevant point in the video. In contrast, questions presented in the OUT-CONTEXT questions were presented at any time during the video, so users may have to navigate back to the relevant place to answer the question. Questions in the OP-PORTUNE condition were asked at shot breaks. There were eight shot breaks in total, and each user was asked eight questions during the experiment.
90 subjects (15 in each condition) were recruited from the University of Birmingham via an email advertisement. Subjects were provided with some details about the experiment and explicitly instructed that they would be asked questions related to the video during playback. The video chosen for the experiment was a short (two minutes) news report on the decline of bees in the United States. After the video had finished subjects were directed to a questionnaire. Table 1 outlines the questions presented to user after the task. Visual analogue scales were used to measure user response with a scale of 0 being very low to 100 being very high.
A two-way analysis of variance (ANOVA) was performed to examine how subjects responded to interruptions. Box plots are also used to depict the five-number summary of each of the responses in various conditions. These results are used to address the following four hypotheses:
H1: Subjects in the IMPORTANT conditions perceive questions as more important/useful to the system than those presented in TRIVIAL conditions. This is a baseline check to ensure that users perceive a difference in the importance of questions that are displayed between different conditions. There was a significant main effect for the content of questions with regard to the extent subjects perceived the questions to focus on the key points of the video, F (1, 84) = 24.98, p < 0.05 (see fig. 2 ). Subjects in the IMPORTANT conditions perceived the questions to focus on the key points of the video significantly more when compared with subjects in the TRIVIAL conditions. There were no significant main effects in relation to the IN-CONTEXT, OUT-CONTEXT or OPPORTUNE conditions. There were also no significant interactions.
However, there were no main effects or interactions with regard to question usefulness. This suggests that whilst subjects could clearly distinguish between the two different types of questions they did not fully understand how their answers to questions influenced the system's processing.
Question Mental Demand
How mentally demanding was the task? Effort How much effort did it require for you to answer the system's questions? Irritation How irritated were you with the questions the system asked?
Quality How well do you think the system will have annotated the video given the nature of the questions asked?
Question Usefulness
How useful do you think the questions were in helping to enhance the system's processing?
Key Points
To what extent do you think the system's questions focused on the key points of the video? Overall Perception What is your overall perception of the interface? Table 1 . Questionnaire presented to user after the task Questions in the IN-CONTEXT condition will be presented to users at the time they are relevant. This means that users should be able to answer these questions without too much effort. In the OUT-CONTEXT / OPPORTUNE conditions, however, the user may have to navigate back to the point at which the question applies, requiring more effort. There was a significant main effect for the question display time with respect to the perceived amount of effort subjects had to exert during the task, F (2, 84) = 3.718, p < 0.05. There were no significant effects regarding the content of questions. There were also no significant interactions.
There was support for hypothesis H2 as subjects in the IN-CONTEXT conditions rated the interaction as requiring less effort than those in the OPPORTUNE and OUT-CONTEXT conditions (see figure 3 ). This was an expected finding as the questions in the IN-CONTEXT conditions are presented at the relevant points in the video.
H3: Subjects in the OPPORTUNE conditions will perceive the interaction as less mentally demanding and less irritating than the IN-CONTEXT and OUT-CONTEXT conditions.
A significant main effect was found in users perception of irritation (F (2, 84) = 4.62, p < 0.05). However, there was little support for hypothesis H3 with no significant difference in perceived irritation between OPPORTUNE and IN-CONTEXT conditions (t = 1.490, df = 51, p = 0.142) or between OPPORTUNE and OUT-CONTEXT conditions (t = 1.490, df = 58, p = 0.167). In fact, subjects in the IN-CONTEXT condition rated the interaction as significantly less irritating than the OUT-CONTEXT condition (t = 3.26, df = 51, p < 0.05). There were no significant main effects or interactions in the perceived level of mental demand of each condition.
This finding contradicts much of the related research where it has been found that presenting questions at OPPORTUNE moments significantly reduces the negative impact of an interruption [1, 2] . However, in this case, subjects preferred questions displayed when they were relevant to the current task. It may be the case that the OPPORTUNE points were not chosen carefully enough, or that the task was too trivial.
H4:
The IMPORTANT condition will be rated more positively than the TRIVIAL condition.
Users presented with TRIVIAL questions will likely perceive the interaction to be less useful and feel their input is having less impact on the quality of the final annotation. This will therefore lower their perception of the system. However, there were no significant main effects with regards to question content, or interactions in the question usefulness, quality or overall perception of the system. Therefore, hypothesis H4 had no support. Despite subjects clearly being able to distinguish between important and trivial questions, this had no impact on their perceptions of the system or the way in which they interacted with the interface. This may have been because the users had little investment in the interaction or did not fully understand the potential benefits of important questions.
DISCUSSION
The results show the time at which the system presented questions to the user had some influence on their perceptions about the effort required and irritation experienced whilst completing the annotation task (H2 & H3). Also, that the user perceived IMPORTANT questions to focus on the key points of the video more than trivial questions (H1). However, it was unclear if users perceived how this could impact on the performance of the systems (H4).
There are limitations to this experiment. The subjects were not representative of users most likely to use such a video annotation system. This may explain why users did not perceive the conditions that displayed IMPORTANT questions more positively. Also, the subject's only task was to watch the video and answer questions. It is possible that the results would have been different if the user had performed some annotation (e.g. writing or selecting relevant tags). Interruptions could be more costly in this scenario and therefore users may appreciate the OPPORTUNE condition more. However, this experiment remains a practical step toward understanding the impact of interruptions in such a system. Ideally, the user would need to do little annotation, and the system would only ask the user questions when necessary. As such, the experiment described in this paper is a useful test of user response in this case. However, if users do need to do some extra annotations whilst answering the system's questions, it is important to understand how this can potentially influence their perceptions of the system and the interaction experience.
Other limitations include the use of a single short video. Future studies should require subjects to interact for longer periods using a range of videos. Additionally, it would be useful to run some longitudinal studies where subjects used the tool for an hour or two on a daily basis. The current prototype would obviously need to be enhanced for longitudinal studies, but this type of test over time would be useful in understanding the true cost of interruptions and how they impact the user's experience. It would also be interesting to examine the balance between costs of interruption and potential benefit to annotation, and how the urgency of a question influences user perceptions.
